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Abstract
Male mammals release a pulse oftestosterone in response to either a female or
pheromones present in her urine. In this thesis I conducted 4 experiments examining if
such pulses have quick-acting effects upon the expression of reproductive behavior in
male house mice (Mus musculus).
In Experiment 1, males exhibited reduced latency to mount a receptive female
when they should have been expressing an endogenous testosterone pulse (30 min after
exposure to female urine). Experiment 2 examined the effects of a simulated
testosterone pulse (a 500 /-lg subcutaneous testosterone injection) superimposed upon
basel,ine testosterone levels (maintained by silastic capsules) in male castrates. In
contrast to expectations, males did not exhibit significantly reduced mount latencies 60
,
min after the injection (when their blood testosterone should have been elevated). In
retrospect, the castrates' basal testosterone titers were likely above normal which may
have prevented the simulated testosterone pulses from expressing its effects. In
Experiments 3 and 4, testosterone pulses were simulated with a 500 /-lg subcutaneous
testosterone injection in gonadally intact males. In both experiments, 60 min after the
injection, males significantly reduced their mount latencies by about 35%.
This thesis pro"ides evidence that a testosterone pulse, under certain conditions,
can rapidly alter the expression of male-typical behaviors. Furthermore, the speed with
which such pulses influence behavior is consistent with a non-genomic mechanism of
action:. Based upon my findings and ,evidence available in the literature, I develop a
1
heuristic model where testosterone exerts its quick-acting effects following conversion in
the brain to neurosteroids that are GABAA receptor agonists.
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General Introduction
Thesis Rationale
Male house mice release testosterone in a pulsatile fashion. Testosterone titers
remain at low baseline levels approximately 80% of the time, interspersed with
testosterone pulses that are released either spontaneously under the control of a "neural
oscillator" (Coquelin & Desjardins, 1982) or as a reflexive response during reproduction
(Coquelin & Bronson, 1980). Both spontaneous and reflexive pulses oftestosterone, no
doubt, contribute to the long-term maintenance of reproductive physiology and behavior.
However, in this thesis, I examine the possibility that reflexive pulses may, in addition,
have immediate effects upon the expression ofmale-typical reproductive behavior.
The Hormonal Events that Underlay Testosterone Pulses
Ultimately, the brain directs all testosterone secretion. Specifically, the
hypothalamus releases a pulse of gonadotropin-releasing-hormone (GnRH) into the
hypophyseal portal vein that runs to the anterior pituitary. The activation of GnRH
receptors in the anterior pituitary directs pulses ofboth luteinizing hormone (LH) and
follicle stimulating homione (FSH) into systemic circulation. LH binding to membrane
receptors on testicular Leydig cells directs the rapid release of testosterone into systemic
circulation while FSH binding to testicular Sertoli cells stimulates spermatogenesis
(Bartke, Hafiez, Bex, & Dalterio, 1978). Increases in systemic testosterone provide
negative feedback that rapidly inhibits further LH release (Ellis & Desjardins, 1982). As
a result, testosterone pulses are characterized by both a rapid onset and termination.
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Description of Spontaneous Pulsatile Testosterone Release
Early research measuring circulating testosterone titers in animals generated
confusing results (as reviewed by Coquelin &Desjardins, 1982). These early studies
typically sampled testosterone infrequently (once/hour or once/day) and found that
testosterone levels varied between males and even within the same male tested at
different times (Coquelin & Desjardins, 1982). These inconsistent findings nonetheless
suggested that testosterone might be secreted episodically. However, to determine
conclusively the pattern of testosterone secretion required hormonal monitoring at
frequent time intervals for an extended period.
In one ofthe most thorough studies ofmale sex hormone secretion, Coquelin and
Desjardins (1982) measured both LH and testosterone titers in young and old male mice
every 5 min for 9 h. Some of their results are depicted in Figure 1.
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Figure 1. Spontaneous testosterone and LH release in male house mice.
Adapted from Coquelin and Desjardins (1982).
Basal testosterone levels were approximately I ng/ml. However, testosterone
titers underwent rapid increases beginning 10 min after the LH peak. Testosterone
elevations peaked at approximately 25 ng/ml about 25 min after the LH peak and
returned to basal levels in nearly 20 min. On average, young males expressed 8
testosterone pulses in 24 h (Coquelin & Desjardins, 1982). The maximum amplitude of
the testosterone pulses and their temporal relationship to the LH peaks were consistent
within males, as was the initial half-life of testosterone.
Similarly, basal LH levels, around 20 ng/ml, were interspersed with pulses that
reached 200 ng/ml in about 10 min and then returned to basal levels in approximately 10
min. Although every testosterone pulse was preceded by an LH pulse, not every LH
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pulse produced a testosterone pulse. Finally, while the temporal relationship ofLH
secretion and testosterone secretion was relatively constant, the inter-pulse intervals were
somewhat variable.
Reflexive Pulses
Testosterone pulses that occur spontaneously are indistinguishable from reflexive
pulses if only the hormonal assay is examined. While the exact timing of spontaneous
pulses cannot be predicted accurately, reflexive pulses are highly predictable. Males
emit reflexive pulses in 2 situations: 1) in response to a sexually arousing stimulus and
2) following ejaculation (post-ejaculatory pulses).
"Anticipatory" Reflexive Pulses. Male LH and testosterone pulses can be evoked
by encountering a female. For example, male mice presented with a novel, non-
receptive female, expressed an initial LH pulse and subsequent testosterone pulse
(Macrides, Bartke, & Dalterio, 1975, Coquelin & Bronson, 1979). Since these females
would not permit males to mate, the reflexive elevations in LH and testosterone did not
appear dependent upon even the initial stages ofcopulation.
In addition, male mice presented with female urine exhibited a reflexive LH
pulse 30 min later (Maruniak & Bronson, 1976). In contrast, LH did not pulse following
exposure to either the urine of male mice or female hamsters (Maruniak & Bronson,
1976). Thus, in male mice, the urine of female mice alone is sufficient to stimulate an
LHpulse.
Finally, in male rats, LH and testosterone both reflexively pulsed upon
presentation of a previouslynovel scent (vapors ofmethyl salicylate) that had become
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associated with the presentation of a receptive female (Graham & Desjardins, 1980).
Thus, it would appear that almost any stimulus that reliably predicts the impending
occurrence of a female causes hormone release.
"Post-ejaculatory" Reflexive Pulses. However, anticipation of encountering a
female is not the only event that triggers LH and testosterone pulses. Male mice also
released LH and testosterone pulses upon ejaculation (Coquelin & Bronson, 1980).
Habituation to Female Stimuli. However, stimuli that evoke LH and testosterone
pulses do not do so every time. With successive presentations, a male habituates to the
capacity of a female, or female-related stimulus, to evoke an LH pulse (Coquelin &
Bronson, 1979). However, a male mouse, who was habituated to a particular female,
nonetheless displayed an LH pulse when presented with a novel female (Coquelin &
Bronson 1979). This resumption ofLH pulses to a novel female parallels the resumption
of sexual arousal predicted by the Coolidge effect (Bermant, Lott, & Anderson, 1968).
Thus, the capacity of a female to evoke an LH and testosterone pulse correlates with the
extent to which that female causes sexual arousal. The capacity of female urine to
stimulate LH pulses is similarly conditional (Maruniak, Coquelin, & Bronson, 1978).
Such habituation would likely occur to any stimulus that evokes an LH and testosterone
pulse, if presented frequently.
Reflexive Pulse Refractory Period. Coquelin and Bronson (1980) found that
while most males exhibited an LH pulse both upon encountering a female and following
ejaculation, a few did not show the post-ejaculatory pulse. Specifically, males that
expressed the post-ejaculatory pulse typically had ejaculation latencies greater than 20-
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30 min while males with shorter ejaculation latencies did not pulse (Coquelin &
Bronson, 1980). This finding suggested that a refractory period existed between the
anticipatory and post-ejaculatory reflexive LH pulses.
Coquelin and Bronson (1981) further examined if a refractory period existed
between successive anticipatory reflexive pulses. Male mice expressed a second
anticipatory LH pulse if 45 min elapsed between female presentations, but not if 25 min
elapsed (Coquelin & Bronson, 1981). This refractory period was not caused by the
pituitary being incapable of releasing a second LH pulse, because males expressed a
second LH pulse to LHRH injections 10 min apart (Coquelin & Bronson, 1981). High
LH titers also did not cause the refractory period, because males injected with LHRH 10
min prior exhibited a second LH pulse when presented with a female (Coquelin &
Bronson, 1981). In addition, high testosterone titers did not regulate the refractory
period, because giving castrates constant supraphysiological doses of testosterone did not
prevent a reflexive LH pulse to a female (Coquelin & Bronson, 1981). In conclusion,
Coquelin and Bronson (1981) provided evidence that the refractory period between
successive anticipatory reflexive pulses is between 25-45 min despite circulating LH or
testosterone levels. The mechanism underlying this refractory period is unknown.
Functions ofthe "Anticipatory" Reflexive Pulses. Testosterone plays an
important, well established role in male-typical reproductive physiology and behavior.
Testosterone helps both to organize the male reproductive tracts, external genitalia, and
brain structure early in development (McEwen, 1983; Breedlove, 1992; Wilson, George,
& Renfree, 1995). Testosterone also plays a role in adulthood, activating both male
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secondary sexual characteristics and male-typical behaviors (Breedlove, 1992; Baum,
1992). However, these effects are likely due not to the effects of single pulses of
honnone, but rather to the cumulative effects ofmany pulses over long periods of time.
This thesis examines if single reflexive pulses oftestosterone contribute to male- .
typical behavior over and above the contribution that they might make to overall
testosterone levels. The timing ofthese reflexiv~ pulses, in relation to the perfonnance
of sex behavior, is suggestive. For example, the anticipatory reflexive pulse expressed
upon encountering a female occurs at about the time when the male begins copulatory
behavior (Nyby, 1983; Coquelin & Bronson, 1979). Moreover, the post-ejaculatory
pulse occurs at roughly the end ofthe males post-ejaculatory refractory period, when the
male often renews copulation. Workers initially investigating reflexive honnonal pulses
speculated that the pulses may facilitate general reproductive behavior (Kamal, Mock,
Wright, & Frankel, 1975). Subsequent investigators speculated that reflexives pulse
facilitate pre-copulatory behaviors (Maruniak & Bronson, 1976) and arousal (Coquelin
& Bronson, 1979).
Genomic Testosterone Action
However, the idea that reflexive pulses could have immediate effects upon
behavior has not been seriously entertained, probably because of the mechanism by
which testosterone is known to exert many of its organizational and activatiomi1 effects.
These effects involve testosterone (or a metabolite of testosterone) binding to
intracellular androgen receptors in the brain. Between 15-30 min after being bound, the
androgen receptors enter the nucleus (Zhou, Wong, Sar, & Wilson, 1994). In the
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nucleus, these activated androgen receptors interact with DNA to promote mRNA
production (O'Malley, Tsai, Bagchi, Weigel, Schrader, & Tsai, 1991). RNA then
instructs the cell to manufacture specific proteins. Steroid-hormone-induced protein
synthesis occurs after a delay of 1-2 h but could be delayed even further ifone ofmany
possible inhibitors of transcription and translation were present in the cell (Wehling,
1995). Changes in the neuron's protein synthesis may then decrease the threshold of
activation for the expression ofmale reproductive behaviors.
My speculation that reflexive testosterone pulses have immediate effects upon
reproductive behavior is not compatible with the time frame by which testosterone exerts
its genomic actions. A normal male mouse typically will have completed reproductive
behaviors between 30-60 min after encountering a receptive female (Nyby, 1983). Thus,
a reflexive testosterone pulse initiated by encountering a female, would not have enough
time to facilitate pre-copulatory or reproductive behaviors by its genomic actions.
Non-Genomic Testosterone Actions
However, steroid hormones, including testosterone, affect some target tissues via
non-genomic mechanisms. For example, testosterone and testosterone metabolites can
alter neuronal activity in some brain areas in less than 1 min (Brann, Hendry, & Mahesh,
1995). Steroid hormones exert fast, non-genomic effects by either: (1) binding to
neurotransmitter membrane receptors; (2) binding to specific steroid hormone receptors
present in the cell membrane; or (3) altering membrane fluidity (Brann, Hendry, &
Mahesh, 1995). It seems logical that rapid changes in brain activity produced by
testosterone could influence some behaviors.
10.
The GABAA Receptor Complex
Evidence to be presented later is consistent with the possibility that testosterone
could exert non-genomic effects in the brain through the GABAA receptor. The GABAA
receptor consists ofmultiple membrane-spanning protein subunits that form a CI-
channel (paul & Purdy, 1992). GABA (the major inhibitory neurotransmitter in the
brain) normally opens the GABAA CI- channels. However, the opening ofthe channel is
also influenced by some natural and synthetic steroids, benzodiazepines, barbiturates,
alcohol, and a variety of sedative-hypnotic drugs (paul & Purdy, 1992). When these
ligands bind, they cause an allosteric change in the GABAA receptor complex that
enhances GABA-mediated inhibition (paul & Purdy, 1992). GABA, benzodiazepines,
and barbiturates, all have their own GABAA recognition sites separate from the binding
sites of the neuroactive steroids (paul & Purdy, 1992). In high doses, GABAA agonists
function as anxiolytics, anaesthetics, and anticonvulsants (Majewska, 1992). GABAA
antagonists function as anxiogenics and convulsants (Majewska, 1992).
Because each of the protein subunits has multiple versions, the GABAA receptor
can take many different forms. These diverse conformations provide the basis for the
different affinities shown by the different forms of the GABAA receptor for its ago~sts
and antagonists (paul & Purdy, 1992). Different forms of the GABAA receptor are also
expressed in different brain regions (paul & Purdy, 1992).
Effects ofTestosterone on GABAA Functioning
Not all steroids are active at the GABAA receptor (paul & Purdy, .1992).
However, 3 a-hydroxy reduced steroids are among the most active ofthe known GABAA
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ligands (Paul & Purdy, 1992). Some reduced testosterone metabolites, namely
androsterone (3a-hydroxy, 5a-androstane-17-one) (Turner, Ransom, Yang, & Olson,
1989) and androstanediol, (5a-androstan-3a, 17P-diol) (Gee, Bolger, Brinton, Coirini, &
McEwen, 1988) are potent GABAA agonists (Turner & Simmonds, 1989; Turner,
Ransom, Yang, & Olson, 1989; Gee, Bolger, Brinton, Coirini, & McEwen, 1988) with
binding affinities equal to, or greater than, the benzodiazepines (Turner & Simmonds,
1989). Thus, testosterone metabolites clearly have the potential for rapidly affecting
brain activity and behavior through their actions at the GABAA complex.
In addition, the sensitivity of GABAA receptors are modulated by testosterone.
Rats given high levels of testosterone for one week had increased GABAA receptor
sensitivity to GABA (Bitran, Kellogg, & Hilvers, 1993). Another study indicated that
androsterone and androstanediol, metabolized from chromc exposure to dianabol, (a
synthetic androgen) resulted in an increase in GABAA sensitivity (Bitran, Hilvers, Frye,
& Erskine, 1996).
Castration caused a decrease in GABAA receptor concentrations in some brain
areas and an increase in GABAA receptor concentrations in other brain areas (Gratten, &
Selmanoff, 1993). Furthermore, giving exogenous testosterone to castrates returns the
GABAA receptor levels to normal (Gratten, & Selmanoff, 1994). Thus, chronic changes
in testosterone titers have significant effects upon GABAA receptor sensitivity and
concentrations.
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Preliminary Evidence that Testosterone can Exert Rapid Effects on Behavior
Although definitive evidence has yet to be gathered, studies on reflexive LH and
testosterone pulses in rats and guinea pigs led Kamal, et al. (1977) and Harding, (1981)
to suggest that testosterone facilitates the initiation ofmale reproductive behaviors. In
both studies, basal levels ofandrogen did not differ prior to female presentation
(Harding, 1981; Kamal, Wright, Mock, & Frankel, 1977). However, after encountering
a receptive female, the males that mated quickly had higher androgen levels than those
who mated slowly (Kamal, Wright, Mock, & Frankel, 1977) or failed to mate (Harding,
1981). Slower males also were less likely to show a reflexive hormonal pulse to the
female (Kamal, Wright, Mock, & Frankel, 1977). Thus, these studies show a positive
correlation between reflexive androgen responsiveness in male rodents and rapidity to
mate.
Behavioral data also exists that is consistent with testosterone exerting some
behavioral effects via a non-genomic mechanism. Mice given a single injection of
testosterone displayed reductions in aversive behavior within 30 min (Domek, Niekrasz,
Garnica, & Seale, 1992). Mice tested in an elevated plus maze (often used to determine
the anxiolytic properties of GABAA agonists) 30 min after being injected with
testosterone or dihydrotestosterone display lowered anxiety (Nyby, Aikey, Anmuth, &
James, unpublished data; Nyby, Aikey, & James, unpublished data). Such rapid effects
of testosterone are unlikely to be mediated via a classic steroid mechanism (Zhou, Wong,
Sar, & Wilson, 1994; Brann, Hendry, & Mahesh, 1995; Wehling, 1995). In addition, the
anxiolytic effects of testosterone parallels that of a GABAA agonist.
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Working Hypothesis of this Thesis
My working hypothesis is that a reflexive testosterone pulse decreases the latency
to engage in copulatory behavior through anxiety reduction. Rodents have a natural fear
ofnovel stimuli (neophobia). Thus, encountering a female for the first time probably
initiates some level of anxiety. Such anxiety can clearly be overcome without a reflexive
testosterone pulse (castrated males receiving testosterone treatment will mate).
However, a reflexive testosterone pulse may function as a mild anxiolytic, thereby
reducing the time needed to initiate copulation, particularly in environments that provide
distractions to the male.
Testing My Working Hypothesis
To test my hypothesis, I needed to examine an aspect ofreproductive behavior
that reflects male sexual motivation and is affected by anxiety. Consequently, I chose
latency to first mount as an index of the male's motivation to mate.
Male rodent reproductive behavior consists ofmultiple, quantified behaviors that
can be categorized into 2 behavioral subsets. Beach (1956) classified behaviors that
culminate in the male having the opportunity to copulate as appetitive behaviors (such as
anogenital investigation and ultrasonic vocalizations), and the behaviors of actual
copulation as consummatory behaviors (such as mounting, intromission, and
ejaculation). Although mounting is itselfgenerally considered a consummatory
behavior, the latency to first mount is generally considered appetitive. Furthermore,
mount latency is generally considered an index ofa male's desire to mate (Nelson,
1995). I believe that anxiety could more directly affect a male's desire to mate than his
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mating ability per se. Thus, I measured the mount latency ofmales with or without
elevated testosterone levels to test my hypothesis.
In experiment 1, I examine ifpresenting males with female urine (which causes a
reflexive testosterone pulse) shortens the male's latency to mount. In experiments 2,3
and 4, I test if an artificial testosterone pulse produced by an injection oftestosterone
similarly shortens a male's latency to mount. The results of these 4 experiments are
consistent with the hypothesis that testosterone can have relatively quick effects upon
behavior and provide the basis for future research that will determine the exact
mechanism by which these quick-acting effects are mediated.
.General Methods
This section describes conditions common to all experiments. Methods unique to
each experiment are provided in the methods section of the individual experiment. The
care and use of all animals were sanctioned by the Lehigh University Institutional
Animal Care and Use Committee and met all university guidelines and federal laws.
Animals
The hybrid animals (CK) used resulted from mating C57BL/6J females with
AKR/J males in the Central Animal Facility at Lehigh University. The parental strains
were purchased from The Jackson Laboratory and served only to generate the CK
hybrids. When the hybrid CK mice were 21 days old, they were weaned into like-sex
litter-mate groups of2-4 mice per cage.
Subjects. Adult CK males served as subjects. Subjects were individually housed
and given at least 24 hrs ofhabituation prior to any experimental manipulation.
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Stimulus Females. All stimulus females were sexually experienced adult CK
mice that served as sexual partners to the subjects.
Stud Males. All stud males were sexually experienced adult CK mice, used to
give the stimulus females sexual experience. In some experiments, the stud males were
used to evaluate the stimulus females' receptivity.
Housing. All cages measured 29 x 18 x 13 cm3 and were made of an opaque
white plastic. The floor of the cage was covered with wood chip bedding ("Beta-chip"
Hardwood Laboratory Bedding, Northeastern Products). A steel cage top permitted
water and food (Lab Diet Brand Animal Food, Mouse Diet 5015, PMI Feeds Inc.) to be
available ad libitum. All animals resided under a 14:10 lightdark cycle with lights on at
0730 hrs.
Procedure
Silastic Capsule Preparation. Silastic capsules were implanted subcutaneously
to tonically release hormones to either castrated males or ovariectomized females. The
dimensions of the testosterone-containing capsules were 14 mm in length with Ld. = 1.57
mm and o.d. =3.18 mm. The estrogen-containing capsules were 9 mm in length with
Ld. = 1.02 mm and o.d. =2.16 mm. Silastic capsule construction began by cutting the
appropriate length of silastic tubing (Silastic Laboratory Tubing, Dow Coming) and
placing a 2 mm wooden plug in one end ofthe capsule. The diameter of the wooden
plug was approximately 1.6 mm and 1.1 mm for the male's and female's silastic capsule,
respectively. With the plug in place, silastic glue (Silastic Brand Medical Adhesive
Silicone Type A, Dow Coming) was applied to seal the plug and hold it in position.
16
Once the silastic glue dried, the capsule was packed with a crystalline honnone to a
depth of 10 mm or 5 mm for the testosterone and estradiol capsules, respectively. A
second wooden plug was placed in the remaining 2 mm of space. Silastic glue was then
applied to seal the second wooden plug. Once dry, the silastic capsules were placed into
physiological saline for approximately 10 h at room-temperature. This procedure
ensures that the silastic capsules release honnone in a tonic, predictable fashion upon
implantation (Smith, Damassa, & Davidson, 1977). Finally, capsule construction was
reexamined before implantation, eliminating capsules with gross imperfections.
Anesthetic. Intraperitoneal injections of sodium pentobarbital (65 mg/kg body
weight) were used to anesthetize mice for surgery. Metofane (methoxyflurane) was used
as a supplemental inhalant anesthetic during surgery. After surgery, mice were placed
on a heating pad for approximately 15 min to compensate for sodium pentobarbital's
temporary disruption ofthennoregulation.
Silastic Capsule Implantation. Silastic capsules containing testosterone or
estradiol were implanted immediately after the mouse's castration or ovariectomy,
respectively, while still under anesthesia. First, the dorsal neck was shaved with an
electric razor, (Golden A5 Electric Shaver, Oster) after which, an incision was made in
the skin of the dorsal neck. Forceps were inserted approximately 15 mm into the
incision, parallel to the long axis of the body, to create a subcutaneous space for the
silastic capsule. The silastic capsule was inserted into the incision and the incision
closed with a 9 mm stainless steel wound clip (Clay Adams Brand Mikron Autoclip,
Bectin Dickinson).
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Ovariectomy and Hormone Implantation. All stimulus females were first
ovariectomized and implanted with estradiol-containing capsules prior to sexual
conditioning. Under anesthesia, the area bounded by the bottom rib, the spine, and the
hind leg was shaved. In the center ofthe shaved area, an incision was made into the
peritoneal cavity. The lateral portion ofthe uterus (containing the ovary) was then
gently pulled through the incision. Silk sutures were used to ligate the accompanying
blood vessels approximately 4 mm proximal to the ovary. The distal end of the uterus,
and the ovary, were then removed approximately 1mm peripheral to the ligation. The
proximal portion of the uterus was guided back through the incision and the incision
closed with a wound clip. This process was repeated to for the second ovary.
Upon completing the bilateral ovariectomy, each female was subcutaneously
--d.implanted with a estradiol-containing capsule. The animal was returned to its home cage
and periodically examined over the next week to be sure that the capsule remained under
the skin and all wounds healed properly.
Using silastic capsules to administer estradiol is not a common procedure and
educated guesses were made as to the amount of estradiol per capsule. My goal was to
provide the females with sufficient estradiol for a subsequent progesterone injection to
bring females into behavioral estrus. However, high levels of estradiol can be toxic.
Thus, after each experiment, the females' average receptivity and general health was
subjectively evaluated. As a result, the amount of estradiol differed with each
experiment based on the behavioral performance and physical appearance of the females
in the previous experiment.
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Sexual Conditioning ofStimulus Females. All stimulus females were provided
with sexual experience prior to their use to ensure that the females would permit subjects
to initiate copulation. To experimentally control the occurrence of estrus, the females
were ovariectomized and implanted with silastic capsules containing estradiol.
Before a stimulus female encountered a male she was first brought into
behavioral estrus with a subcutaneous injection ofprogesterone (800 f.lg ofprogesterone
per 0.1 ml ofpeanut oil). This injection, in conjunction with the estradiol provided by
the silastic capsule, was designed to bring the female into behavioral estrus.
One hour after the progesterone injection, the stimulus female was placed in the
home cage of a stud male for 20 min. After 20 min the female was returned to her home
cage. At 4-day intervals, this process was repeated with a different stud male until the
female encountered at least 3 different stud males.
Mounting Behavior. The dependent measure in each experiment was the
subject's latency to mount a stimulus female. Mount latency was measured in a clean
test chamber identical to the home cages, except that the food and water were removed
and the cage top inverted to provide more freedom of movement.
The stimulus female was alone in the test chamber for 5 min before the s.ubject
was placed with her. The latency to the subject's first mount was recorded. A mount
was scored whenever the male grasped the female's hind quarters with his forelimbs and
made repeated pelvic thrusts.
The experimenters recording mounting behavior were blind with respect to the
subjects' experimental treatments.
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Statistics. The four experiments of this thesis examined if increased testosterone
levels shortened mount latency. In Experiments 1,3, and 4, mount latency data were
analyzed with a one-way ANOVA. The mount latency data for Experiment 2 did not
meet the assumption ofnormally distributed data and was analyzed non-parametrically
with a Mann-Whitney U. Selected contrasts ofExperiment 1 utilized orthogonal
comparisons.
EXPERIMENT 1: URINE PRE-EXPOSURE
One stimulus that readily evokes a reflexive testosterone pulse is female urine
(Maruniak & Bronson, 1976; Purvis & Haynes, 1978). An LH pulse peaks
approximately 10 min after presentation of a female stimulus (Coquelin & Bronson,
1980) followed 20-30 min later by a testosterone pulse (Coquelin & Desjardins, 1982).
Interestingly in mice, these reflexive LH and testosterone pulses, correlate roughly with
the onset ofmounting behavior in a typical mating bout (Coquelin & Bronson, 1979;
Nyby 1983). Experiment 1 examined if a female urine-induced testosterone pulse
shortened males' latency to mount. Because testosterone levels are near peak levels
approximately 30 min after female urine presentation, the mounting test began 30 min
after female urine presentation.
Previous research (Graham & Desjardins, 1980) indicated that almost any
stimulus that causes sexual arousal, either innately or as a result of learning, will cause
the reflexive release ofLH and testosterone. In this experiment, I attempt to cause
hormone release with both fresh female urine and with aged female urine, both ofwhich
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cause sexual arousal in sexually experienced males of this genotype (Nyby, Wysocki,
Whitney, & Dizinno, 1977; Nyby, Whitney, Schmitz, & Dizinno, 1978).
Methods
Animals
Subjects. Thirty males, approximately 12 weeks old, served as subjects.
Stimulus Females. Thirty females, approximately 12 weeks old, were used to
assess subjects' mount latencies.
Experience Females. Thirty sexually experienced females, approximately 12
weeks old, were used to give subjects experience with a receptive female before
mounting behavior was recorded.
Stud Males. Thirty males, approximately 19 weeks old, provided both the
stimulus females and the receptive experience females with sexual experience.
Urine Donors. Approximately 25 group-housed females, at least 9 weeks old,
served as urine donors to provide the stimuli to elicit testosterone pulses from subjects.
Eight females provided the aged urine, and the other females provided the fresh urine.
These mice were used once and returned to their respective home cages after urine
collection.
Procedure
Hormone Concentration ofEstradiol Capsule. The estradiol capsule implanted
within each female contained 100% estradiol.
Subjects' Experience Regimen. A week before mounting behavior was recorded
with a stimulus female, an experience female was brought into behavioral estrus and
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placed in the home cage of a subject for 20 min. After 20 min the female was returned to
her home cage. The experience females were not used again.
Urine Collection. Both aged urine and fresh urine served as stimuli for eliciting
hormone pulses from the subjects. The aged urine was collected in a metab~lic cage
prior to its use. Two metabolic cages were used, with 4 females per cage. Following 12
hrs ofurine collection, the urine was transferred to a 1 cc syringe and placed in a
refrigerator. The urine remained in the refrigerator until its use the following day.
Fresh urine was gathered from urine donors 15 min before use. A female mouse
was grasped by the dorsal neck and held above a glass urine-collection vial. The act of
holding the female in this fashion is usually sufficient to induce urination. However, if
urination did not occur, it was induced by palpating the bladder. This process was
repeated with additional females until approximately 1 cc ofurine had accumulated. The
urine was then immediately placed in a 1 cc syringe for storage until its use.
Stimulus Preparation. The pre-exposure stimuli (fresh urine, aged urine, or
water) were prepared by injecting 0.1 ml ofurine (or water) from the storage syringe
onto a cotton swab (Puritan 6 inch Cotton Tipped Applicator, Hardwood Products
Company). In an effort to minimize odor contamination, nothing was allowed to contact
the swab's cotton-tip other than the needle and urine. The cotton-tip containing the
stimulus was placed in a small test tube with the remainder of the swab broken off and
discarded.
Stimulus Presentation. Subjects were randomly assigned to 3 different pre-
exposure groups; 1. FRESH URINE (N = 10), 2. AGED URINE (N = 10), and 3.
22
WATER (N = 10). The only difference between the pre-exposure groups was the
stimulus they received before the recording ofmounting behavior. Subjects in the
FRESH URINE group were presented with female urine collected approximately 15 min
earlier. Subjects in the AGED URINE group were presented with female urine collected
. the previous day. Subjects in the WATER group were presented with distilled water.
To present the stimulus, the test tube storing the stimulus was inverted above the
subject's cage allowing the stimulus to fall through the cage top onto the cage floor.
After 15 min the stimulus was removed and discarded.
Mounting Behavior. Ten min after the cotton swab was removed from the
subject's cage, a stimulus female was placed in a clean test chamber (29 x 18 x 13 cm)
for 5 min ofhabituation. Following this habituation, the subject was then placed into the
test chamber with the stimulus female. The subject remained in the chamber until his
first mount, after which, the male and female were returned to their respective home
cages. If the subject did not mount, 15 min was recorded for his mount latency.
Statistical Analysis. Analysis of variance was used to determine ifmount latency
varied as a function ofthe pre-exposure stimuli. Selected contrasts utilized orthogonal
compansons.
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Results and Discussion
As seen in Figure 2, subjects pre-exposed to the different stimuli had different
mount latencies (F 2.27 = 8.75,p < 0.005).
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Figure 2. The mount latencies of intact males 30 min after being
presented with either fresh female urine (FRESH URINE, N = 10), aged
female urine (AGED URINE, N = 10), or water (WATER, N = 10).
Specifically, the mount latencies of the groups pre-exposed to fresh urine and aged urine
mounted significantly faster than subjects pre-exposed to water (F 1,27 =16.883, P <
0.0003). As expected, subjects pre-exposed to fresh urine or aged urine were not
significantly different (F 1,27 = .625, P = n.s.).
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Thus, a manipulation that should have increased the male's testosterone levels
(Maruniak & Bronson, 1976; Purvis & Haynes, 1978) also shortened his mount latency.
This finding was consistent with the hypothesis that reflexive testosterone pulses
promote mounting behavior.
One problem encountered in this experiment was that stimulus females were not
uniformly receptive during testing. An examination of some of the less receptive
females revealed that some of these females possessed a growth in the lower abdomen.
The exact cause or nature of the growth was unknown. However, since the
parents of this strain were developed for cancer research and since estradiol is a known
carcinogen, perhaps the silastic capsules were releasing levels of estradiol that
precipitated cancer development. In attempts to minimize this problem, lower
concentrations of estradiol were used in subsequent experiments.
EXPERIMENT 2: CONTROLLED TESTOSTERONE
LEVELS AND NOVEL TESTING CONDITIONS
In this experiment, the hypothesis that testosterone shortens mount latency was
tested more directly. Basal levels oftestosterone were controlled in castrated males via
silastic capsule implants and testosterone pulses were simulated via subcutaneous
injections. Males were tested for mount latency during either basal or pulse levels of
testosterone.
I also hypothesized that testosterone might have a more pronounced effect if the
male subjects were tested in a novel environment. If testosterone is promoting mounting
through anxiolysis, it may work by reducing the subjects' neophobia (Brett, Chong,
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Goyle, & Levine, 1983) which otherwise might hinder the expression ofmale-typical
behaviors. In trial 1 of this experiment, the subjects were tested using females that had
been odorized with an odor that subjects had not previously encountered. In trial 2, the
subjects were tested in a chamber they had never before encountered.
Methods
Animals
Subjects. Twenty-seven sexually naive males, approximately 12 weeks old,
served as subjects.
Stimulus Females. Twenty-seven females, approximately 12 weeks old, were
used to assess subjects' mount latencies.
Stud Males. Twenty-seven males, approximately 12 weeks old, provided the
stimulus females with sexual experience.
Procedure
Castration and Hormone Implantation. Under anesthesia, the subject's genital
region was shaved. Midline centered incisions were made through the scrotum and
connective tissue encasing the testis. The testis, epididymis, and part of the spermatic
cord were then gently pulled through the incisions and the spermatic cord and
accompanying blood vessels ligated with silk suture approximately 5 mm above the
testis. The spermatic cord was then cut, approximately 1 mm peripheral to the ligation,
allowing the distal portion of the spermatic cord, and the testis and epididymis, to be
removed. The portion ofspermatic cord remaining was guided back into the scrotum.
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This process was repeated for the second testis. Finally, the scrotal incision was closed
with a wound clip.
Upon completing the castration, the male was implanted with a testosterone-
containing silastic capsule. The animal was returned to its home cage and periodically
examined over the next week to be sure that the capsule remained under the skin and all
wounds closed properly.
Hormone Concentration o(Silastic Capsules. The testosterone capsule.
implanted within each subject contained 100% testosterone. The estradiol capsule
implanted within each stimulus female contained 50% estradiol and 50% cholesterol.
Novel Stimuli. On trial 1, stimulus females were sprayed with a perfume (Coty
Musk for Men, Coty Inc.) on their hind quarters before being placed with the stud males.
Thus, at the time of testing, the odor was novel only to the subjects and not the stimulus
females.
On trial 2, the novel stimulus was the testing chamber where the mount latencies
were recorded. On 2 of the 4 days, between trial 1 and trial 2, the stimulus females were
placed in the large novel testing cage for 15 min each day for habituation. The opaque
white plastic testing chamber was larger than the chamber used in the previous trial, and
measured 47 x 26.5 x 19.5 em. The floor of the larger chamber was covered with wood
>
chip bedding. A steel cage top, without food and water, permitted the mice to be
observed while ensuring that they could not escape the cage.
Artificial Testosterone Pulse. Subjects were randomly assigned to the
TESTOSTERONE group (N = 14) or to the OIL group (N = 13) for trial 1. The 14
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subjects of the TESTOSTERONE group received a subcutaneous injection of 500 J-lg of
testosterone in 0.1 ml peanut oil. The 13 subjects in the OIL group received a
subcutaneous injection of 0.1 ml ofpeanut oil. Because testosterone dissolved in oil and
administered subcutaneously gradually increases plasma testosterone titers, injections
were administered 1hr prior to sex-behavior testing to ensure that the plasma
testosterone titers ofthe TESTOSTERONE animals had significantly increased (Smith,
Damassa, & Davidson, 1977).
Four days after trial 1, subjects were retested in trial 2. The 14 subjects in the
TESTOSTERONE group for trial 1 were placed in the OIL group for trial 2, and vice
versa. In trial 2, the hormone injections and procedures were identical to trial 1.
Mounting Behavior. Following the stimulus female's 5-min habituation in a
clean test chamber, the subject was placed into the test chamber with the female. The
subject remained in the chamber until his first mount, after which, he was immediately
returned to his home cage. Ifthe subject did not mount within 16 min the subject was
returned to his home cage.
Statistical Analysis. Mount latency was analyzed with a Mann-Whitney U.
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Results and Discussion
As seen in Figure 3, although subjects in the TESTOSTERONE group, on
average, mounted a female more quickly than the OIL group on trial 1, the difference
was not significant (Mann-Whitney U, z =- 1.53,p =0.126, corrected for ties).
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Figure 3. The mount latencies. ofcastrated males presented with a novel
scented female on trial 1, 60 min after being injected subcutaneously with
either testosterone (TESTOSTERONE, N = 14) or peanut oil (OIL, N =
13). Both groups ofmales also had subcutaneous implants of
testosterone capsules to maintain basal levels ofhormone.
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Again, in trial 2, the group differences were in the predicted direction (see Figure 4) but
were not significant (Mann-Whitney U, z =- 0.27,p = 0.788, corrected for ties).
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Figure 4. The mount latencies of castrated males in a novel testing
chamber on trial 2, 60 min after being injected subcutaneously with either
testosterone (TESTOSTERONE, N = 13) or peanut oil (OIL, N = 14).
Both groups ofmales also had subcutaneous implants oftestosterone
capsules to maintain basal levels ofhormone.
Both groups showed a substantial decrease in mount latency from trial 1 to trial 2
(Mann-Whitney U, z = -2.17,p = 0.030, corrected for ties). The sexual experience of
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subjects on trial 1 likely accounted for the decrease in the mount latencies ofboth groups
on trial 2.
EXPERIMENT 3: ARTIFICIAL TESTOSTERONE PULSES IN INTACT
MALES
In retrospect, Experiment 2 suffered from a number ofmethodological problems.
For example, a silastic capsule undoubtedly maintains higher basal levels of testosterone
than the normal basal levels of approximately 1 ng/ml (Coquelin & Bronson, 1981).
Perhaps this methodology produced a "ceiling effect" above which the subcutaneous
injection oftestosterone was unable to exert an effect.
In an attempt to maintain more normal basal levels ofhormones, the subjects of
this experiment remained gonadally intact. The acute pulse oftestosterone was provided
by subcutaneous injection.
Another problem in Experiment 2 was the variability in female sexual
receptivity. In hopes of generating more uniform receptive females, the amount of
estradiol released by the silastic capsules was again reduced. As an additional measure
to ensure receptivity, all stimulus females were screened for sexual receptivity prior to
use and only those meeting a receptivity criteria were used.
Methods
Animals
Subjects. Twenty-four sexually naive males, approximately 13 weeks old, were
used.
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Stimulus Females. Twenty-four females, approximately 20 weeks old, served as
stimuli to test the subjects' latency to mount.
."
Stud Males. Twenty-four males, approximately 25 weeks old, provided the
stimulus females with sexual experience before the experiment began. Stud males also
were used to pretest the stimulus females' receptivity immediately before being placed
with subjects.
Procedure
Hormone Concentration ofEstradiol Capsule. The estradiol capsule implanted
~
in each stimulus female contained 33% estradiol and 66% cholesterol.
Receptivity Screening. To determine if females were sexually receptive, the
stimulus females were screened in a clean test chamber immediately prior to use. If the
stimulus female permitted a stud male to mount her, the female was deemed receptive.
If, at any time, the stimulus female squealed or attempted to bite or scratch the stud male,
she was deemed unreceptive and not used in the experiment.
Once the female's receptivity status was established, the stud male was
immediately removed, and the mounting test began. If, at any time, the female squealed
or attempted to bite or scratch the male subject, she was deemed unreceptive. The data
for any subject paired with an unreceptive female was disregarded and not included in
the analysis.
Artificial Testosterone Pulse. Twelve subjects were randomly assigned to the
TESTOSTERONE group and 12 subjects to the OIL group. One h prior to testing,
subjects in the TESTOSTERONE group received a subcutaneous injection of 500 /-lg of
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testosterone in 0.1 ml peanut oil. Subjects in the OIL group received a subcutaneous
injection of 0.1 ml ofpeanut oil.
Mounting Behavior. A stimulus female, screened for sexual receptivity, was
placed in a clean test chamber. Following a 5-min habituation, a subject was then placed
into the test chamber with the stimulus female. The subject remained in the chamber
until his first mount, after which he was immediately returned to his home cage. If 30
min elapsed without a mount, the subject was returned to his home cage and 30 min
recorded for his mount latency.
Disregarding the data from subjects paired with unreceptive females left a total of
7 males in the TESTOSTERONE group and 9 males in the OIL group, respectively.
Statistical Analysis. A one-way ANOVA was used to determine if mount latency
differed between the TESTOSTERONE and OIL groups.
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Results and Discussion
As seen in Figure 5, the animals with a simulated testosterone pulse
(TESTOSTERONE) mounted significantly more quickly than those not receiving a
simulated pulse (OIL)
(F 1. 14 =4.979, p < 0.05).
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Figure 5. The mount latencies of intact males 60 min after receiving a
simulated testosterone pulse (TESTOSTERONE, N =7) or not (OIL, N =
9).
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EXPERIMENT 4: ARTIFICIAL TESTOSTERONE PULSES
IN INTACT MALES-A REPLICATION
Because of the inconsistent findings between Experiments 2 and 3, an additional
experiment was perfonned.
Methods
Animals
Subjects. Twenty-four sexually naive males, approximately 15 weeks old, were
used.
Stimulus Females. Twenty-four females, approximately 20 weeks old, tested the
subjects' latency to mount.
Stud Males. Twenty-four males, approximately 25 weeks old, provided the
stimulus females with sexual experience before their use with the subjects. Stud males
also provided a pretest of female receptivity immediately before female use with
subjects.
Procedure
Hormone Concentration o{Estradiol Capsule. The estradiol capsule implanted
within each stimulus female contained 33% estradiol and 66% cholesterol.
Receptivity Screening. The receptive status of the stimulus females was
detennined before use as in Experiment 3.
Artificial Testosterone Pulse. Twelve subjects were randomly assigned to the
TESTOSTERONE group and 12 to the OIL group. One h prior to sex behavior testing,
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the subjects in the TESTOSTERONE group received a subcutaneous ml injection of 500
/-lg of testosterone in 0.1 peanut oil. Subjects in the OIL group received only the vehicle.
Mounting Behavior. Mount latencies were recorded in the same manner
employed in Experiment 3.
Disregarding the data from subjects paired with unreceptive females left a total of
9 males in the TESTOSTERONE group and 8 males in the OIL group, respectively.
Statistical Analysis. An analysis ofvariance was used to determine ifmount
latency differed between the TESTOSTERONE and OIL groups.
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Results and Discussion
As seen in Figure 6, the TESTOSTERONE group mounted significantly more
quickly than the OIL group (F I, 15 =5.662, p < 0.05).
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Figure 6. The mountlatencies of intact males 60 min after receiving a
simulated testosterone pulse (TESTOSTERONE, N =9) or not (OIL, N =
8).
Thus, mount latency clearly appears to be reduced by testosterone under these
experimental conditions.
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General Discussion
In general, the 4 experiments of this thesis support the hypothesis that the
reflexive testosterone pulse released by male mice in response to a female stimulus
rapidly affects the subsequent expression ofmale reproductive behavior.
Interpretative Issues in Experiments 1 and 2
Experiment 1 demonstrated that males pre-exposed to female urine, 30 min
before encountering a female, show shortened mount latencies. Since this pre-exposure
causes reflexive testosterone release (that should peak when the males encountered the
female), Experiment 1 supports the hypothesis that the reflexive testosterone pulse has
quick behavioral effects in reducing male mount latencies (Maruniak & Bronson, 1976;
Coquelin & Desjardins, 1982).
However, Experiment 1 suffered from a number of limitations in terms of the
conclusions that could be drawn. Because presentation of a sexually arousing stimulus
probably affects males in a variety ofways, I could not conclude unambiguously that
testosterone reduced mount latency. Also, because I did not measure the blood titers of
the males, I cannot be sure that they truly expressed the predicted reflexive testosterone
pulse.
Experiment 2 was intended to compensate for Experiment 1's limitations. In
Experiment 2, I directly manipulated testosterone levels, eliminating any uncertainties as
to the actual testosterone titers during the experiment. Two different aspects of
testosterone titers were manipulated. All subjects' basal testosterone titers were equaled
by castration and implantation of silastic capsules designed to provide constant, low
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levels ofhonnone. In addition, endogenous testosterone pulses were artificially
simulated in some subjects by a subcutaneous testosterone injection. This design
produced males who differed in their testosterone titers only immediately prior to
encountering a female. On average, the subjects ofExperiment 2, who experienced
artificial testosterone pulses, had shorter mount latencies than males that did not.
However, this difference was not significant.
In retrospect, one problem with Experiment 2 was that the administration of
testosterone via silastic capsules does not mimic the nonnal fluctuating pattern of
testosterone secretion in intact males. In intact male mice, basal testosterone levels are
approximately 1 ng/ml with pulsatile increases reaching approximately 25 ng/ml about 8
times every 24h (Coquelin & Desjardins, 1982). Based upon data collected by Smith,
Damassa, and Davidson (1977), I interpolated that castrated mice implanted with 10 mm
silastic capsules should have had plasma testosterone titers around 5 ng/ml, almost 5
times their endogenous basal titers. Furthennore, Coquelin and Bronson (1981)
demonstrated that castrated mice implanted with 10 mm testosterone silastic capsules
had larger seminal vesicles than intact males, suggesting that the average testosterone
titers generated by such capsules may actually exceed that of a normal male. Thus, this
manipulation likely did not produce the low baseline testosterone levels intended and, in
fact, may have produced a ceiling effect that masked the effect of the artificial
testosterone pulses.
In line with this hypothesis, several lines of evidence support the idea that low
basal testosterone levels are essential to nonnal testosterone responsiveness. For
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example, mice who naturally possess high basal testosterone levels generally have low
mount frequencies and long mount latencies compared to mice with low basal
testosterone titers (Batty, 1978). In addition, the expression of reproductive behaviors
was more fully restored in castrates who received variable daily dosages of testosterone
as compared to castrates who received constant daily doses (but who received the same
average testosterone dosage) (Taylor, Weiss, & Pitha, 1989). Thus, castrates receiving
consistently high testosterone dosages generally exhibit lower levels ofmale-typical
behavior.
The reduced androgen responsiveness in animals with consistently high
testosterone titers is likely explained by the phenomenon ofreceptor down-regulation
caused by that target cell's extended exposure to high titers ofhormone (Brown, 1994).
Thus, the silastic capsules of Experiment 2 may have caused a reduction in the number
or sensitivity ofthe testosterone receptors that allow responsiveness to the testosterone
pulse. Therefore, subjects may not have had the appropriate receptor sensitivity to
respond appropriately to the artificial testosterone pulse.
Use of Gonadally Intact Subjects in Experiments 3 and 4
After Experiments 1 and 2, I decided that the behavioral effects of a testosterone
. pulse might best be examined in an animal that is androgen responsive but has low basal
testosterone levels (i.e. a normal, gonada1ly intact male). This strategy was employed in
Experiments 3 and 4.
Using intact animals does forfeit some degree ofcontrol over the subjects'
testosterone titers. At any given time, a 25% chance exists that an intact male's
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testosterone titers will be above basal levels because of a spontaneous testosterone pulse
(Coquelin & Desjardins, 1982). To account for this loss in control over circulating
testosterone titers, more subjects per group are likely required to obtain significant
findings.
In Experiments 3 and 4, gonadally intact males were given an artificial
testosterone pulse via subcutaneous injection. In both Experiments, males injected with
testosterone displayed approximately 35% shorter latencies to mount a receptive female
than males injected with oil (see Figures 5 & 6). These data unambiguously demonstrate
that a testosterone pulse quickly (within 30 to 60 min) shortens males' latency to mount.
Evidence for Quick-Acting Non-Genomic Effects of Testosterone
The quick-acting effects oftestosterone observed in this thesis are not typical of
most of the effects of testosterone reported in the literature. For example, testosterone's
effects upon sexual differentiation and upon the activation of sexual behavior are
generally assumed to be mediated by a genomic mechanism. In this mode of action,
testosterone binds to an intracellular receptor which serves as a transcription factor for
protein synthesis. The amount ofprotein synthesis necessary to effect a change in
behavior generally takes hours to days (O'Malley, Tsai, Bagchi, Weigel, Schrader, &
Tsai, 1991; Brann, Hendry, & Mahesh, 1995; Wehling, 1995). The quick-acting effects
of testosterone upon behavior in my studies is inconsistent with such protein synthesis
mediating these changes and suggests that my effects may be mediated through a non-
genomic mechanism (Zh6u, Wong, Sar, & Wilson, 1994; Brann, Hendry, & Mahesh,
1995; Wehling, 1995). I therefore hypothesize that my results are better accounted for
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by a non-genomic mechanism. Continued research will, of course, be required to
confirm this hypothesis.
Consistent with this hypothesis, compelling physiological evidence exists that
testosterone can, in certain circumstances, produce effects upon target tissues through
non-genomic mechanisms. For example, testosterone rapidly increases Ca++ entry into:
kidney cells (Koenig, Goldstone, & Lu, 1982), cardiac myocytes (Koenig, Chien-Chung,
Goldstone, Chung, & Trout, 1989), prostate cancer cells (Steinsapir, Socci, & Reinach,
1991), osteoblasts (Lieberherr & Grosse, 1994), and Sertoli cells (Gorczynska &
Handelsman, 1995). In addition, testosterone rapidly induces coronary artery relaxation
(Yue, ChatteIjee, Beale, Poole-Wilson, & Collins, 1994; Costarella, Stallone, Rutecki, &
Whitter, 1996) and interrupts gap junctional communication of Sertoli cells and cardiac
myocytes (pluciennik, Verrecchia, Bastide, Herve, Joffre, & Deleze, 1996).
Furthermore, testosterone quickly alters the excitability of some hypothalamic neurons
(Yamada, 1979; Orsini, Barone, Armstrong, & Wayner, 1985) and hippocampal neurons
(Teyler, Vardaris, Lewis, & Rawitch, 1980). All ofthese physiological and neurological
effects oftestosterone typically occur within seconds to minutes (Brann, Hendry, &
Mahesh, 1995). Finally, in the brain, testosterone binds to synaptic plasma membranes
ofnerve terminals, indicating the presence of non-intracellular testosterone receptors
(Towle & Sze, 1983).
In addition to my data, other data from our lab also indicate that testosterone can
rapidly alter the expression of a behavior. In rodents, the elevated plus maze is the most
validated behavioral test used to quantify the anxiolytic properties ofvarious drugs
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(Lister, 1987; Kulkarni & Shanna, 1991). Mice given a subcutaneous injection of either
testosterone or dihydrotestosterone (DHT) 30 min before being placed on an elevated
plus maze, displayed lower anxiety levels compared to mice injected with oil (Nyby,
Aikey, Anmuth, & James, unpublished data; Nyby, Aikey, & James, unpublished data).
These effects oftestosterone or DHT also did not appear congruent with a genomic
mechanism of steroid action.
Other evidence also shows testosterone rapidly altering the expression of some
behaviors. For example, mice given intraperitoneal injections oftestosterone or DHT,
30 min before behavioral assessment on a mirrored chamber (Toubas, Alba, Cao, Logan,
& Seale, 1990), displayed reductions in avoidance behavior indicative of an anxiolytic
effect (Domek, Niekrasz, Garnica, & Seale, 1992). In addition, rats injected with
testosterone immediately before being placed in a conditioned-place-preference
apparatus (Carr, Fibiger, & Phillips, 1989) demonstrated that testosterone was rewarding
by later preferring the testosterone-injected side (Alexander, Packard, Hines, 1994;
Packard, Cornell, & Alexander, 1997; Packard, Schroeder, & Alexander, .1998).
Testosterone's rapid effects upon both ofthese behaviors~e also suggestive of a non-
genomic mechanism (Zhou, Wong, Sar, & Wilson, 1994; Brann, Hendry, & Mahesh,
1995; Wehling, 1995).
Thus, examples exist of rapid testosterone effects upon various target tissues. I
hypothesize that this thesis provides yetanother example oftestosterone exerting quick-
acting non-genomic effects.
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A Possible Non-Genomic Mechanism of Testosterone Action
One non-genomic mechanism in the brain, available to some steroids, is
mediated by the GABAA receptor complex (Brann, Hendry, & Mahesh, 1995). GABA
functions as the major inhibitory neurotransmitter in the brain. When GABA binds to
the GABAA receptor it opens a Cl- channel that produces shunting inhibition. Some
steroids can also influence the opening of the Cl- channel by binding to a steroid
recognition site on the GABAA receptor complex causing an allosteric change that alters
GABA-mediated inhibition (paul & Purdy, 1992). Steroids that act as GABAA agonists
function as anxiolytics and anticonvulsants while steroids that are GABAA antagonists
function as anxiogenics and convulsants (Majewska, 1992).
One method for determining the binding capacity ofsteroids to GABAA receptors
is to examine whether steroids can displace the GABAA antagonist [35S]_t_
butylbicyclophosphorothionate ([35S]-TBPS) and/or inhibit [35S]-TBPS induced
convulsions (Gee, Brinton, Chang, &McEwen, 1987). In vitro studies show that the
testosterone metabolite, androstanediol can, in fact, displace [35S]-TBPS binding (Gee,
Bolger, Brinton, Coirini, & McEwen, 1988). In vivo studies also show that an
intraperitoneal injection of androstanediol administered 10 min prior to an injection of
[35S]_TBPS significantly'delayed the onset of convulsion-induced myoclonus (Gee,
Bolger, Brinton, Coirini, & McEwen, 1~88). Because androstanediol can displace a
GABAA receptor antagonist and rapidly alter the behavioral expression ofthe same
antagonist, the androgen metabolite, androstanediol, has the capacity to function as a
GABAA receptor agonist.
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Another method for determining if a steroid has the capacity to function as a
GABAA receptor agonist is to determine if a steroid can increase the binding of a known
GABAA receptor agonist or increase a'known GABAA receptor agonist's stimulated Cl-
efflux (Harrison, Majewska, Harrington, & Barker, 1987; Majewska, 1992). The
androgen metabolite, 5cx-androstan-3cx-ol-17one, facilitated binding of the direct GABAA
receptor agonist muscimo1 with nearly the same potency as the powerful steroid
anesthetic alphaxalone (Turner, Ransom, Yang, & Olsen, 1989; Carlson, 1998). Another
androgen metabolite, 5cx-androstan-17p-ol-3-one, also enhanced muscimol binding with
a potency similar to that of the barbiturate anesthetic pentobarbital (Turner, Ransom,
Yang, & Olsen, 1989). Both 5cx-androstan-3cx-ol-17one and 5cx-androstan-17p-ol-3-one
also increased muscimol-stimulated 36Cl- flux (Turner, Ransom, Yang, & Olsen, 1989).
The androstanes, 3cx-hydroxy-5cx-androstan-17-one and 3cx-OH-5cx-androstane-17p-
carbonitrile, in the presence ofmuscimol, significantly increased C1- uptake into rat
cerebral cortical synaptic neurosomes (Morrow, Pace, Purdy, and Paul, 1989). In low
concentrations, (less than 10 .urn) androsterone significantly potentiated muscimol
binding and reduced the potency ofpicrotoxin, a non-competitive GABA antagonist. In
high concentrations, (100 .urn) androsterone directly depolarized the rat cuneate nucleus
in vitro (Turner & Simmonds, 1989). Thus, a variety ofnatural and synthetic androgens
have the capacity to function as GABAA agonists. I hypothesize that the testosterone-
induced reduction in male mount latencies of this thesis may be acting through such a
mechanism as well.
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expression ofmale-typical behaviors. Thus, a reflexive pulse of testosterone may
facilitate the expression ofmale-typical behaviors by reducing anxiety.
Much evidence, some.ofit described earlier, is consistent with the hypothesis that
testosterone should have non-genomic anxiolytic effects. However, testosterone may not
be exerting these effects directly. For example, a number oftestosterone metabolites are
GABAA receptor agonists (Brann, Hendry, Mahesh, 1995). For the most part, these
GABAA-active testosterone metabolites are converted from testosterone by the enzymes,
5et-reductase and 3et-oxidoreductase, which are present in high quantities in
oligodendroglia (Celotti, Melcangi, Negri-Cesi, & Poletti, 1991; Majewska, 1992).
Since GABAA receptor agonists invariably possess anxiolytic properties, these
testosterone metabolites should be anxiolytic (Turner, Ransom, Yang, & Olson, 1989;
Gee, Bolger, Brinton, Coirini, & McEwen, 1988; Turner & Simmonds, 1989; Carlson,
1998). Studies mentioned earlier, in fact, demonstrate that testosterone treatment does
cause anxiolysis (Nyby, Aikey, Anmuth, & James, unpublished data; Nyby, Aikey, &
James, unpublished data; Domek, Niekrasz, Garnica, & Seale, 1992). Thus, testosterone
may be exerting its anxiolytic effects following conversion to neurosteroids that are
powerful GABAA agonists.
Conclusions
This thesis provides evidence that pulsatile increases in testosterone have
immediate effects upon the expression ofmale-typical reproductive behavior. The
rapidity with which testosterone pulses reduce mount latencies suggests a non-genomic
mechanism of action (Zhou, Wong, Sarf & Wilson, 1994; Brann, Hendry, & Mahesh,
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1995; Wehling, 1995). The GABAA receptor, is a ubiquitous, ionotropic membrane
receptor present in the brain (Carlson, 1998). Since testosterone metabolites are known
GABAA agonists, I hypothesize that the reflexive testosterone pulses occurring during
reproduction lower male anxiety, thereby facilitating the expression ofmale reproductive
.,
behavior (Brann, Hendry, Mahesh, 1995). Future studies will test various aspects of this
hypothesis.
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